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a b s t r a c t  

Myeloablative hematopoietic cell transplantation (HCT) is a common treatment for hematological malig
nancy. Delayed immune reconstitution following HCT is a major impediment to recovery with patients 
being most vulnerable during the first month after transplant. HCT is a highly stressful process. Because 
psychological distress has been associated with down regulation of immune function we examined the 
effect of pre-transplant distress on white blood cell (WBC) count among 70 adult autologous HCT patients 
during the first 3 weeks after transplant. The participants were on average 38 years old; 93% Caucasian, 
non-Hispanic and 55% male. Pre-transplant distress was measured 2–14 days before admission using the 
Cancer and Treatment Distress (CTXD) scale, and the Symptom Checklist-90-R (SCL-90-R) anxiety and 
depression subscales. WBC count was measured during initial immune recovery on days 5 through 22 
post-transplant. Linear mixed model regression analyses controlling for gender and treatment-related 
variables revealed a significant effect of the mean pre-transplant SCL Anxiety-Depression score on 
WBC recovery. We found no significant effect of pre-transplant CTXD on WBC recovery. In general, higher 
levels of pre-treatment anxiety and depression were associated with slower WBC recovery. Psychological 
modulation of WBC recovery during HCT suggests a unique mechanism by which psychological distress 
can exert influence over the immune system. Given that WBC recovery is essential to survival for HCT 
patients, these data provide a rationale for treating anxiety and depression in HCT patients. 

© 2012 Elsevier Inc. All rights reserved. 

1. Introduction 

Myeloablative hematopoietic cell transplantation (HCT) is a 
common treatment for leukemia, lymphoma and other hematolog
ical malignancies, and is also used to treat non-malignant disease 
such as aplastic anemia. Over 15,000 allogeneic and 30,000 autol
ogous HCT occur each year worldwide (Copelan, 2006). The pro
cess, which was first introduced in the late 1960s, has improved 
to the point that 5-year survival rates can range from 80% to below 
20% depending on the type of transplant and diagnosis (Copelan, 
2006). But the treatment is demanding both physically (Copelan, 
2006) and emotionally (Andrykowski et al., 2005; Fann et al., 
2007; Hoodin et al., 2006; Syrjala et al., 2004). 

Abbreviations: HCT, hematopoietic cell transplantation Acronyms; HCT, hema
topoietic cell transplantation; WBC, white blood cell; SNS, sympathetic nervous 
system; HPA, hypothalamic–pituitary–adrenal; HSC, hematopoietic stem cells; 
CTXD, Cancer and Treatment Distress; SCL-90-R, Symptom-Checklist-90-Revised; 
SCL-A, SCL-90-R anxiety subscale; SCL-D, SCL-90-R depression subscale. 
⇑ Corresponding author. Address: Fred Hutchinson Cancer Research Center, 1100 

Fairview Ave. N, M3-B232, Seattle, WA 98109, United States. Tel.: +1 206 667 7924; 
fax: +1 206 667 5977. 

E-mail address: bmcgrego@fhcrc.org (B.A. McGregor). 

During the autologous HCT process, the patient first has their 
own hematopoietic stem cells harvested and stored. Patients then 
receive supra-lethal doses of chemotherapy, sometimes combined 
with total body irradiation, which results in eradication of the im
mune system. The patient is then ‘‘rescued’’ from certain death with 
infusion of their own stored stem cells. After stem cell infusion, 10– 
30 days are required for the patient’s circulating white blood cell 
(WBC) counts to rise from close to zero at the time of transplant 
to levels adequate to begin to protect them from acute symptoms 
and infection vulnerability. Immune reconstitution continues dur
ing a 3-month period with return of innate immunity followed later 
by the return of specific immunity. Complete immune recovery can 
take many months (Peggs and Mackinnon, 2004). 

Transplant-related immune deficiency results in significant 
morbidity and mortality among HCT patients (Peggs and Mackin
non, 2004), and patients are particularly vulnerable to infection 
during the first weeks after transplant when WBC counts are low 
(Storek et al., 2003). More rapid return of immune function has 
been associated with fewer post-transplant side effects and better 
overall and disease-free (Porrata and Markovic, 2004; Auletta and 
Lazarus, 2005; Porrata et al., 2008). 
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The HCT process also takes an emotional toll on patients. Patients 
arrive at transplant with differing diseases, histories of treatment, 
levels of physical function, and psychological, social, informational, 
and financial resources. All of these factors can contribute to the dis
tress an individual experiences before, during, and after transplant. 
Psychosocial predictors of outcome have been studied extensively, 
with clear, replicated findings that pre-transplant physical and psy
chological function predict post-transplant physical and psycholog
ical outcomes (Andorsky et al., 2006; Lee et al., 2001; Syrjala et al., 
2004). Pre-transplant treatment-related distress, in particular, pre
dicts acute post-transplant symptom course, especially for pain and 
general distress (Schulz-Kindermann et al., 2002; Syrjala and Chap
ko, 1995). Psychosocial needs are greatest just prior to transplant if 
judged by the percent of patients with clinically significant anxiety 
or depression at different phases of treatment and recovery (Broers 
et al., 2000; Fife et al., 2000; Syrjala et al., 2004). Studies also docu
ment that pre-transplant psychological status predicts survival 
(Andrykowski et al., 1994; Loberiza et al., 2002; Prieto et al., 
2005), although the mechanisms through which increased mortal
ity occurs remain largely unexamined. 

There is a large body of literature documenting that psycholog
ical distress can impair immune function, including innate and 
specific immunity (e.g., Burns et al., 2003; McEwen, 1998; Yin 
et al., 2000). Biological mediators of the effect of psychological dis
tress on immune function include cortisol, via activation of the 
hypothalamic pituitary adrenal (HPA) axis, and catecholamines 
and neuropeptides via activation of the sympathetic nervous sys
tem (SNS) (McEwen, 1998). There is also a literature to support 
the hypothesis that psychological distress could influence immune 
recovery post-HCT. 

Hematopoietic stem cells (HSCs), which ultimately mature to 
form all the different cells found in peripheral blood, reside in spe
cific niches in the bone marrow. In this specialized environment, 
tight control of proliferation and differentiation is accomplished 
through a variety of physical (cell-cell) and molecular pathways 
(Adams and Scadden, 2006). It has long been known that bone 
marrow and other immune system organs are highly innervated 
by the SNS (Afan et al., 1997; Bellinger et al., 1992; Ehninger and 
Trumpp, 2011; Felten et al., 1985; Felten and Felten, 1994; 
Yamazaki et al., 2011), and that this innervation has functional sig
nificance (Broome and Miyan, 2000; Kohm et al., 2000; Maestroni, 
2000; Mendez-Ferrer et al., 2008; Steidl et al., 2004). For example, 
SNS innervation of bone marrow happens immediately before the 
onset of hematopoiesis in utero (Afan et al., 1997), and growth of 
early hematopoietic progenitor cells is impaired in patients with 
spinal cord injury who thus have interrupted transmission of SNS 
activity below the site of the injury (Iversen et al., 2000). There 
are now animal model data that show HSCs respond to stressors 
occurring at the organismal level via adrenergic signals originating 
from the SNS. Katayama et al. showed that signals from the SNS 
control the attraction of stem cells to their niche in the bone mar
row (Katayama et al., 2006). Taken together, these data provide 
strong evidence that alterations in SNS tone (e.g., in response to 
a stressor) may influence proliferation and mobilization of hemato
poietic stem cells. 

Given the importance of immune reconstitution for HCT pa
tients and the stressful nature of the HCT process, we wondered 
if psychological distress, with its well-known influences on SNS 
tone, might be associated with changes in WBC recovery after 
HCT. If psychological distress is associated with slower WBC recov
ery, it would strengthen the rationale for using psychological inter
vention prior to HCT to reduce distress and improve return of 
immune competence among survivors. 

The purpose of the present study was to examine the relation
ship between psychological distress and WBC recovery in the first 
weeks after autologous HCT. We hypothesized that elevated 

psychological distress prior to the transplant would be associated 
with slower rates of WBC recovery. 

2. Method 

2.1. Participants 

The present study is a secondary analysis of data from a cohort of 
70 autologous patients. Demographic and treatment characteristics 
of the sample are presented in Table 1. The patients were from a lar
ger sample of 405 allogeneic and autologous patients enrolled in a 
prospective, longitudinal study of HCT survivorship between April, 
1987 and January, 1990. To be included in the study, patients had to 
be at least 18 years old and about to receive a first HCT (Syrjala 
et al., 2005). The study and all study materials were approved by 

Table 1 
Demographic and clinical characteristics. 

Pre-transplant age (N = 70) 

Mean ± SD 37.66 ± 11.60 
Range 

Gender 

18–62 
Frequency 
(N = 70) 

Proportion 

Female 32 45.71 
Male 38 54.29 

Ethnicity/race 
Caucasian, non-hispanic 
Hispanic 

69 
1 

98.6 
1.4 

Education 
Less than high school 
High school or GED 
Some college, trade school, Completed 

college 
Graduate degree 

3 
22 
28 

12 

4.6 
33.8 
43.1 

18.46 

Marital status 
Single 
Married or cohabitating 
Separated/divorced/widowed 

15 
45 
7 

22.4 
67.2 
10.5 

Disease status at transplant 
Relapse 
Remission 

38 
32 

54.3 
45.7 

Diagnosis 
Lymphoma 
Acute leukemia 

28 
28 

40 
40 

Hodgkin disease 
Other 

8 
6 

11.4 
8.6 

TBI status 
Yes 51 72.9 
Mean total dose (Gy) ± SD 
Range 

9.31 ± 6.03 
6.00–19.60 

Stem cell dose (106 CD34 + cells/kg body weight) 
Mean ± SD 3.07 ± 1.69 
Range 
GM-CSF post-transplant (yes) 
Corticosteroids post-transplant (yes) 
Mean ± SD days corticosteroid 
Range days corticosteroid tx 
Any infection day 5-day 21 (yes) 

0.35–9.22 
2 
44 
9.95 ± 5.42 
1–17 
48 

3 
63 

76.2 

Pre-treatment distress 
Low (0.0–0.76) 
Medium (0.77–1.81) 
High (P1.82) 
Pre-treatment anxiety 
Low (0.0–0.34) 
Medium(0.35–0.95) 
High (P0.96) 

8 
43 
11 

24 
32 
14 

12.90 
69.35 
17.74 

34.29 
45.71 
20.00 

Pre-treatment depression 
Low (0.0–1.00) 
Medium (1.01–1.73) 
High (P1.74) 

45 
18 
7 

64.29 
25.71 
10.00 
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the FHCRC IRB. The patient sample for the present study was lim
ited to autologous HCT patients because autologous patients do 
not receive immunosuppressive medications for graft versus host 
disease prophylaxis. All patient stem cells were procured from bone 
marrow harvest. After bone marrow harvest, the patients received 
conditioning regimen of Cyclophosphamide and TBI (n = 36), Cyclo
phosphamide, Busulfan and TBI (n = 12), Cyclophosphamide and 
Busulfan (n = 9), or other chemotherapy and TBI (n = 3) or other 
chemotherapy without TBI (n = 4) prior to transplant. 

2.2. Self-report measures 

All self-report measures, described below, were completed be
tween 2 and 14 days before transplant at the transplant clinic. 
Assessment was scheduled as rapidly after arrival as possible, 
and within a week of arrival unless medical events interceded. 

Cancer and treatment-related distress was measured with the 
Cancer and Treatment Distress (CTXD) scale. The CTXD scale is a 
27-item measure of treatment-related distress specific to the HCT 
process. Items such as ‘‘nausea and vomiting’’, ‘‘possibility of re
lapse’’, and ‘‘being a burden to other people’’ are rated for the extent 
to which they cause distress or worry to the patient, regardless of 
whether they have actually occurred. Ratings are made on a 4-point 
scale from 0 (‘‘no distress) to 3 (‘‘severe distress’’) and a mean score 
for the 27 items is computed (Syrjala et al., 2004). This measure has 
been shown to detect unique treatment-related distress and to pre
dict pain better than measures of generalized anxiety or depression 
(Schulz-Kindermann et al., 2002; Syrjala and Chapko, 1995). The 
scale has good internal consistency with alphas ranging from .85 
to .91 (Schulz-Kindermann et al., 2002; Syrjala and Chapko, 1995; 
Syrjala et al., 2004). The alpha in the present sample was .87. 

Anxiety and depression were assessed using the anxiety and 
depression subscales of the Symptom Checklist 90-Revised (SCL
90-R). The SCL-90-R anxiety subscale (SCL-A) is comprised of 10 
items such as ‘‘nervousness’’ or ‘‘shakiness inside’’. The depression 
subscale (SCL-D) is comprised of 13 items such as ‘‘feeling blue’’ or 
‘‘crying easily’’. Participants are asked to indicate how much a 
problem has ‘‘distressed or bothered you during the past 7 days 
including today’’. Items are rated using a scale from 0 (‘‘not at 
all’’) to 4 (‘‘extremely’’). Subscale scores are computed as the mean 
of subscale item scores, thus the scores could range from 0 to 4. 
The SCL-A and SCL-D are highly reliable, valid, and widely utilized 
in psychiatric studies (Derogatis et al., 1973). For the SCL-D, a cut
off score of 1.72 has been documented as having the highest posi
tive predictive value for diagnosing major depression (Mulrow 
et al., 1995). Means and standard deviations from a community 
normative sample for the SCL-A are .30 (.37) and for the SCL-D 
are .36 (.44) (Derogatis, 1994). Internal consistencies range from 
.85 to .90, and test–retest reliabilities range from .68 to .86 (Dero
gatis and Cleary, 1977). The alpha for the SCL-A in the present sam
ple was .89. The alpha for the SCL-D in the present sample was .86. 

2.3. White blood cell (WBC) counts 

Complete differential blood cell counts are performed every day 
by a CLIA-certified laboratory during the inpatient period per the 
inpatient clinical protocol. Study patient total WBC counts were ob
tained from the research medical record database for days 5–22 of 
the post-transplant period as most patients have initial immune 
recovery by day 22 and counts before day 5 are near zero. All WBC 
values are the number of cells per microliter (cells/mcL) of blood. 

2.4. Statistical analysis 

Because of the strong correlation between pre-transplant anxi
ety and depression, a composite variable was created by taking the 

mean of the anxiety and depression scale scores for each patient. In 
order to control for variables that we identified, a priori, to be 
important predictors of WBC count, we evaluated age, sex, pre-
transplant medical risk stats, stem cell dose, total body irradiation 
(TBI) dose, the presence of infection, if corticosteroids were given, 
and cytomegalovirus virus (CMV) status (positive or negative) as 
potential covariates for the models. As we have done in previous 
studies, pre-transplant medical risk categories were assigned as 
either low or high depending upon the patient’s diagnosis and 
remission/relapse status (Syrjala et al., 2004). For the resultant dis
tress model we included: age, pre-transplant medical risk status, if 
corticosteroids were given, and CMV status. For the resultant 
anxiety-depression composite models we included sex, CMV 
status, pre-transplant medical risk status, stem cell dose, total body 
irradiation (TBI) dose, and if corticosteroids were given. These 
covariates were chosen using the Wald test to compare with a 
model containing no covariates. All sets of covariates significantly 
improved the model at the p < 0.05 level. To account for the 
expected nonlinear (quadratic) trend in the WBC count over time, 
all models included time, measured continuously by day and day 
squared, as a predictor. The models also included interactions of 
the predictors (pre-transplant treatment-related distress, anxiety, 
and depression) with time measured by day and day squared. All 
mixed effects regression analyses were conducted using continu
ous predictors with and without covariates. 

A series of two sets of linear mixed model regression analyses 
were conducted to investigate the effects of pre-HCT treatment-
related distress and an anxiety-depression composite predictor 
on change in WBC counts over days 5 through 22 post-HCT, using 
xtmixed (Stata SE 10.0 for Windows, Stata Corporation, College Sta
tion, TX). In an effort to estimate as few parameters as possible we 
used an exchangeable covariance structure for the two models. 
This a priori choice assumes that each pair is equally correlated. 
Because of the short time duration, we assume that observations 
are similarly correlated over time. We rejected the use of an 
unstructured covariance structure as it estimates many parameters 
and reduces the power of our models. We chose not to pursue an 
autoregressive covariance structure because exponential decay is 
unlikely given the short time duration and influence of other 
factors on WBC recovery. We used mixed model methodology to 
adjust for the correlation of repeated measures, to allow for incom
plete measurement, and to include covariates. Analyses began with 
day 5 post-transplant since a nadir in WBC count continued from 
day 0 to day 5. The number of days post-transplant was added as 
a random effect that varied by patient. This method provides a 
more accurate estimate of error variability. 

For the purposes of illustrating the statistically significant mod
el (Fig. 1), categorical variables were created for the anxiety-
depression composite score using clinically meaningful cut points 
to plot WBC curves over time. The SCL-A and SCL-D have published 
population norm cut scores (Derogatis et al., 1973). Pre-transplant 
anxiety can be defined as: low (an SCL-A score of 0.0–0.34), med
ium (a score between 0.35 and 0.95), and high (a score P 0.96). 
Pre-transplant depression can be defined categorically as: low 
(an SCL-D score of 0.0–1.00), medium (a score between 1.01 and 
1.73), and high (a score P1.74). In order to create cut scores for 
the composite, we averaged the anxiety and depression cut scores 
together, and so defined the categories as: low (0.0–0.67), medium 
(0.68–1.34) and high (P1.35). 

3. Results 

Means for pre-transplant treatment-related distress, anxiety, 
and depression by diagnosis group are shown in Table 2. Treat
ment-related distress, anxiety, and depression scores did not differ 

http:0.68�1.34
http:0.0�0.67
http:0.0�1.00
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Fig. 1. Mean predicted WBC by day and pre-transplant anxiety and depression composite. The unadjusted means are also plotted for each group as a reference. 

by length of time between assessment and the start of treatment 
measured in days. 

3.1. Associations among independent variables 

While the correlation between pre-transplant anxiety and 
depression was 0.61 (n = 70, p < .001), the correlations of pre-
transplant treatment-related distress with anxiety and depression 
were 0.37 (n = 62, p = .003) and 0.33 (n = 62, p = .008), respectively. 
When treatment-related distress, anxiety and depression were en
tered as continuous variables in one model predicting WBC count 
over time, none emerged as significant predictors. For this reason 
and to increase parsimony, we created a composite variable by cre
ating a mean of the SCL-Anxiety and SCL-Depression scores. We 
then created mixed-effects regression models for the treatment-
related distress and the SCL anxiety-depression composite. 

3.2. Results of mixed effects regression 

3.2.1. Treatment-related distress 
The mixed-effects regression model showing how pre-

transplant treatment-related distress, as a continuous variable, 
was associated with change in WBC count over day 5 through day 
22 after transplant revealed no significant interactions between 
treatment-related distress and time or time squared using a Wald 
test of significance for both terms simultaneously (p = ns). There 
were significant effects of age (b = 12.23, p < .01), corticosteroid 
given (b = 25.91, p < .01) and CMV status (b = 180.47, p < .05). This 
indicated that the change in WBC count over time was not different 
for different levels of treatment-related distress. Patients with 
higher treatment-related distress improved as fast as those with 
lower pre-treatment treatment-related distress. 

3.2.2. SCL-anxiety and depression composite variable 
The mixed-effects regression model showing how the pre-

transplant anxiety-depression composite, as a continuous variable 
was associated with change in WBC count over day 5 through day 
22 after transplant with and without treatment covariates are 
shown in Tables 3 and 3a. There was no significant interaction be
tween the anxiety-depression composite variable and time in the 
models with or without covariates. However, there was a 

Table 2 
Means, standard deviations of distress, anxiety, and depression by diagnostic group. 

Distress (CTXD) 
Mean ± SD (n) 

Anxiety (SCL-A) 
Mean ± SD (n) 

Depression (SCL-D) 
Mean ± SD (n) 

Lymphoma 
Acute Leukemia 
Hodgkin 
Other 

2.17 ± 0.60 (25) 
2.17 ± 0.51 (22) 
2.32 ± 0.53 (7) 
2.06 ± 0.23 (4) 

0.66 ± 0.57 (28) 
0.65 ± 0.67 (28) 
0.48 ± 0.51 (8) 
0.98 ± 0.92 (6) 

0.91 ± 0.53 (28) 
0.72 ± 0.67 (28) 
0.82 ± 0.69 (8) 
0.88 ± 0.64 (6) 

Table 3 
Results of mixed effects regression model for pre-transplant anxiety and depression 
composite predicting WBC count. 

Variable Estimate Std error p-Value 

Day -25.55 32.25 0.43 
Day squared 6.07 1.08 0.00 
Depression -251.06 195.03 0.20 
Pre-depression by day 56.64 35.42 0.09 
Pre-depression by day squared -2.80 1.21 0.02 
Constant 17.86 179.12 0.92 

Table 3a 
Results of mixed effects regression model for pre-transplant anxiety and depression 
composite predicting WBC count with treatment variable covariates. 

Variable Estimate Std error p-Value 

Day -19.39 32.98 0.56 
Day squared 5.85 1.08 0.00 
Composite -296.27 197.71 0.13 
Composite by day 50.92 36.49 0.16 
Composite by day squared -2.36 1.22 0.05 
Sex -284.13 82.28 0.001 
Risk -384.22 136.78 0.01 
Stem cell dose -73.14 24.24 0.003 
TBI1 dose -15.20 6.86 0.03 
Corticosteroid 21.95 6.29 0.000 
CMV2 274.92 83.13 0.001 
Constant 670.49 275.66 0.02 

1 Total body irradiation (TBI). 
2 Cytomegalovirus virus (CMV) status (positive or negative). 
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significant interaction between the anxiety-depression composite 
variable and time squared (b = -2.80, p = .02) which declined 
slightly but remained significant after adding treatment covariates 
to the model (b = -2.36, p = .05). All of the covariates entered into 
the model were significant terms. In general, higher scores on the 
anxiety-depression composite were associated with slower change 
in WBC count over time. 

4. Discussion 

The present study sought to investigate the effects of pre-
transplant self-reported treatment-related distress, anxiety, and 
depression symptoms on WBC counts among 70 adult autologous 
HCT patients during the first 3 weeks after their transplant. The 
immune recovery curves did not generally differentiate until after 
day 11, when the WBC counts began to rise. Pre-transplant anxi
ety-depression significantly predicted the pace of WBC recovery. 
In general, patients who reported higher levels of pre-transplant 
anxiety and depression had slower recovery of WBC counts com
pared to patients reporting lower levels of pre-transplant anxiety 
and depression. 

We did not see the same association with pre-transplant reports 
of treatment-related distress. When treatment-related distress was 
used as a continuous predictor in the analyses, the interaction be
tween time or time squared and treatment-related distress was not 
significant. While treatment-related distress, anxiety, and depres
sion symptoms do tend to co-occur, the treatment-related distress 
variable is qualitatively different from the composite anxiety and 
depression variable, which was measured with a standardized 
instrument for the general population. While the anxiety and 
depression items of the SCL-90 measure clinical symptoms of anx
iety and depression that patients bring to the transplant setting 
with them, the treatment-related distress instrument captures a 
distress response to an impending (but not current) threat, the 
HCT and all the possible treatment-related threats (e.g., mucositis, 
nausea and vomiting, hair loss, death). One reason the pre-trans
plant measure of treatment-related distress did not predict WBC 
recovery could be because the treatment-related distress instru
ment was measuring distress about something that had not oc
curred yet. However, in other HCT studies with both autologous 
and allogeneic transplant patients, pre-transplant treatment-re
lated distress was a better predictor of pain and general distress 
during the first month of HCT than mood as measured with stan
dardized measures (Schulz-Kindermann et al., 2002; Syrjala and 
Chapko, 1995). Perhaps the standardized anxiety and depression 
measures are capturing a construct that is a better predictor of bio
logical functioning (i.e., WBC count) than the treatment-related 
distress measure. Also, the patients in the present study were all 
autologous and thus less vulnerable than allogeneic patients to 
many of the treatment-related threats assessed in the treatment-
related distress measure (e.g. GVHD). 

Overall, the results in these models indicate that pre-transplant 
anxiety and depression (general psychological distress), but not 
treatment-specific distress is associated with the pace of immune 
recovery in HCT patients, even after adding treatment-related 
covariates to the models. Higher levels of anxiety and depression 
are consistently associated with a slower WBC recovery. 

These results, while the first to document such effects in the 
HCT setting, are similar to studies that have found high levels of 
psychological distress (including anxiety and depression) associ
ated with general down regulation of immune function in humans 
(Kiecolt-Glaser et al., 2002; Segerstrom and Miller, 2004). Animal 
studies have shown that sympathetic innervation of the bone mar
row modulates proliferation and mobilization of HSC in the bone 
marrow microenvironment (Katayama et al., 2006). For example, 

Katayama et al. (2006) showed that signals from the SNS suppress 
osteoblast function and control the attraction of stem cells to their 
niche in the bone marrow. Taken together, these data provide 
strong evidence that alterations in SNS tone (e.g., in response to 
a stressor) may influence proliferation and mobilization of hemato
poietic stem cells (HSC). 

The present data may have important clinical implications for 
HCT patients. The period of immune deficiency in the weeks after 
transplant, and its related morbidity and mortality are a critical 
time in the HCT process. Patients experience increased vulnerabil
ity to infection and usually need to be hospitalized during this 
phase of treatment. The period of immune deficiency immediately 
after transplant is also associated with chronic diarrhea, stomach 
upset, and severe mouth pain secondary to mucositis. Supportive 
therapies such as administration of exogenous immune growth 
factors have been developed to reduce this vulnerable time as 
much as possible. The present data suggest that reducing 
pre-transplant anxiety and depression could also contribute to 
reducing morbidity related to immune deficiency during this early 
period after transplant. If the models are replicated, and if the 
trends for pace of immune reconstitution continue, at day 90, the 
difference between WBC count in a patient with low anxiety and 
depression and high anxiety and depression could be much great
er. In the present study, most patients were discharged by day 22 
and WBC counts were not collected daily. Future work should eval
uate the effect of pre-transplant depressive symptoms and anxiety 
on infection rates, days of re-hospitalization, and WBC subset 
counts from day 5 post transplant to beyond day 22. 

The relationship between pre-transplant depression symptoms 
and anxiety and recovery of WBC count is provocative for another 
reason. A number of studies have reported that pre-transplant 
depression is associated with decreased survival among HCT pa
tients (e.g. Andrykowski et al., 1994; Grulke et al., 2008; Loberiza 
et al., 2002). Furthermore, pre-transplant depression was not asso
ciated with other clinical predictors, suggesting depressed mood 
pre-transplant was not due to clinical severity (Grulke et al., 
2008). While some papers have not found this association, a recent 
review reported that the majority of prospective studies using reli
able measures, with adequate sample sizes and robust statistical 
methods to control for medical and treatment confounds, did find 
a significant relationship between high levels of depressive symp
toms and increased mortality (Hoodin et al., 2006). We did not test 
for survival advantages in the present sample because we felt the 
power was insufficient. But a more speedy return of immune func
tion has been associated with better overall and disease-free sur
vival in other studies (Porrata and Markovic, 2004). In fact, an 
absolute lymphocyte count of greater than 500 at 15 days post 
autologous transplant has been associated with lower recurrence 
rates and longer survival (Auletta and Lazarus, 2005; Porrata 
et al., 2008; Porrata and Markovic, 2004). While the dependent var
iable in the present study was total WBC count, not absolute lym
phocyte count, this helps put the present data into perspective. 
Future work should evaluate the effects of psychological function
ing on recovery of WBC subsets, such as lymphocytes, neutrophils, 
etc. 

The present secondary data analysis study has both limitations 
and strengths. Limitations of the present study include the age of 
the data. There have been major changes in HCT procedures since 
the present data were collected and with these changes have come 
improvements in immune recovery and survival. Thus, the findings 
from the present study cannot be generalized to current autolo
gous HCT patients. We conducted the study with autologous pa
tients to limit the confounding effect of immunosuppressive 
therapy given to allogeneic transplant recipients. Thus, the current 
findings cannot be generalized to allogeneic patients. Furthermore, 
WBC count is a fairly non-specific indicator of immune recovery. 
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Future work should focus on recovery of leukocyte subsets in pa
tients being treated with current regimens. Furthermore, it is not 
clear in the autologous setting whether the patient’s pre-transplant 
anxiety and depression is directly affecting the bone marrow mi
cro-environment before harvesting or after infusion, or whether 
pre-transplant distress adversely affects the hematopoietic stem 
cell graft itself. It would also be valuable to study the effects of anx
iety and depression on immune reconstitution through the later 
phases of treatment. Further research is needed to determine 
whether the course of anxiety and depression through acute treat
ment and long-term follow-up continues to influence immune 
function, morbidity and mortality. Other potential modulators of 
mood and WBC count that could not be assessed in the present 
study include data on tricyclic anti-depressant use and data on 
nuetropenic fever during the post-transplant period. It is also not 
clear from the present study what relative role the SNS and HPA 
axis play in mediating the observed relationships. Strengths of 
the present study include the longitudinal design, the relatively 
homogeneous (i.e., all autologous) sample, the use of well-
validated measures and sophisticated statistical methods. 

In conclusion, this is the first study, to our knowledge, to docu
ment the effects of psychological distress on WBC recovery among 
HCT patients. The present results are consistent with the work of 
Katayama et al. (2006) and suggest modulation of sympathetic out
flow to the stem cell niche could be a unique mechanism by which 
psychological distress exerts influence on immune function in gen
eral, and specifically, total WBC count in HCT patients. Psycholog
ical intervention (e.g., stress management, relaxation training) has 
been shown to modulate sympathetic activity in other settings 
(Miller and Cohen, 2001). The present findings support future re
search to test the effects of psychological interventions to reduce 
distress, improve total WBC count, and improve health outcomes 
in HCT patients. Given that WBC recovery is essential to survival 
for HCT patients, these data provide a rationale for screening pa
tients pre-transplant to determine those who would benefit from 
intervention to treat psychological distress in the HCT setting. 
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